The aim of this study is to assess the ability of serum prostate-specific antigen (PSA) to predict prostate volume (PV) and lower urinary tract symptoms (LUTS) represented by the international prostate symptom score (IPSS). From January 2001 to December 2011, data were collected from men who first enrolled in the Korean Prostate Health Council Screening Program. Patients with a serum PSA level of .10 ng ml 21 or age ,40 years were excluded. Accordingly, a total of 34 857 men were included in our study, and serum PSA, PV and the IPSS were estimated in all patients. Linear and age-adjusted multivariate logistic analyses were used to assess the potential association between PSA and PV or IPSS. The predictive value of PSA for estimating PV and IPSS was assessed based on the receiver operating characteristics-derived area under the curve (AUC). The mean PV was 29.9 ml, mean PSA level was 1.49 ng ml 21 and mean IPSS was 15.4. A significant relationship was shown between PSA and PV, and the IPSS and PSA were also significantly correlated after adjusting by age. The AUCs of PSA for predicting PV .20 ml, .25 ml and .35 ml were 0.722, 0.728 and 0.779, respectively. The AUCs of PSA for predicting IPSS .7, .13 and .19 were 0.548, 0.536 and 0.537, respectively. Serum PSA was a strong predictor of PV in a community-based cohort in a large-scale screening study. Although PSA was also significantly correlated with IPSS, predictive values of PSA for IPSS above the cutoff levels were not excellent. Further investigations are required to elucidate the exact interactions between PSA and LUTS and between PSA and PV in prospective controlled studies. Such studies may suggest how PSA can be used to clinically predict PV and the IPSS.
INTRODUCTION
Clinical benign prostatic hyperplasia (BPH), diagnosed by the presence of benign prostate enlargement and lower urinary tract symptoms (LUTS), has been considered to be a chronic and progressive disease.
1 Because baseline prostate volume (PV) has been linked to the progression of BPH (e.g., acute urinary retention and surgery for BPH), PV has been included as a useful tool in treatment guidelines. 2, 3 Prostate-specific antigen (PSA) is a marker for prostate cancer and BPH. 4 The relationship between PSA and PV has been examined frequently in men with BPH, in part to determine how PSA can be used to predict PV. These studies have consistently shown a positive correlation between PSA and PV. [5] [6] [7] [8] [9] [10] [11] The Proscar Long-Term Efficacy and Safety Study demonstrated that the strongest predictor of future prostate growth was baseline serum PSA, which was more predictive than baseline PV and age. 10 In the Krimpen study, PSA was used to detect prostate enlargement, and they suggested that the clinical advantage of the formula over PSA alone was only modest, as shown by their analysis among men without prostate cancer. 11 However, most studies of the relationship between PSA and PV have originated from Western countries, and few studies have been conducted in Asia. One Asian study evaluating the relationship between PSA and PV showed Asianspecific criteria for detecting PV by PSA level stratified by age. 12 Although theirs was a multicenter study, the subjects included in this study were limited to patients visiting the hospital with troublesome symptoms.
The treatment indications for male LUTS are defined by symptom severity and associated bother. 13 The International Consultation on BPH agreed to use a symptom index developed by the American Urological Association Measurement Committee as the official worldwide assessment for patients suffering from prostatism. Currently, the International Prostate Symptom Score (IPSS) is widely utilized to characterize and stratify symptom severity and has become a useful tool for determining the appropriate treatment for BPH patients. However, few studies have evaluated the relationship between PSA and IPSS. Thus, we performed a study to determine the predictive impact of PSA for PV and the symptoms represented by IPSS in a large-scale Korean screening cohort, including approximately 34 857 people who visited the Korean Prostate Health Council Screening Program.
MATERIALS AND METHODS
After obtaining institutional review board approval, a total of 39 345 men who first enrolled in the Korean Prostate Health Council Screening Program from January 2001 to December 2011 were included in this study. This program was a free medical examination provided to the general community-based population of men. After advertising the program through each public health center, all of the men visiting the program underwent a urologic examination, including serum PSA, PV by using transrectal ultrasonography and some questionnaires including the IPSS.
Serum PSA was assayed using a chemiluminescence method and commercially available kits. Transrectal ultrasonography was conducted using a 7.5 MHz rectal probe. The PV was calculated by substituting the formula for an ellipsoid, i.e., p/63(height)3(length)3 (width), with the height, length and width of the prostate measured by transrectal ultrasonography. All patients were routinely asked about their LUTS using the IPSS questionnaire. The IPSS is graded from 0 to 35, with general score classifications of 0-7, 8-19 and 20-35, indicating absent or mild, moderate and severe symptoms, respectively. 14, 15, 16 Patients with a serum PSA level of .10 ng ml 21 were excluded from the study to reduce the likelihood of including those with occult prostate cancer. Patients who had undergone prior biopsies or surgical treatment of prostate disease were excluded from the study. We also excluded those whose age was ,40 years. Accordingly, a total of 34 857 patients were included in our study.
In this study, PV and IPSS were assessed according to the PSA level, and the proportion of men reaching each stratification level was also analyzed. Because IPSS of 13 was the median value, we determined the target IPSSs were .7, .13 and .19. The target levels of PV were .20 ml, .25 ml and .35 ml based on interquartile ranges (IQRs). The proportions of subjects reaching each PV and IPSS target level were observed and evaluated for a relationship with PSA. The relationships between PSA and PV, PSA and IPSS were analyzed using loglinear regression analyses after adjusting for age. Multivariate regression analyses were used to predict PV and IPSS. The predictive value of PSA for each target level was analyzed using the receiver-operating characteristics (ROC)-derived area under the curve (AUC). The AUCs were compared via the Mantel-Haenszel test. PV and PSA were analyzed using a regression analysis after logarithmic transformation to ensure a normal distribution. The SPSS software package, version 15.0 (Statistical Package for Social Sciences, Chicago, IL, USA), was used for the statistical analyses. A two-tailed P,0.05 was considered significant for all analyses.
RESULTS
The patient characteristics are shown in Table 1 . A total of 34 857 men were available at baseline with a mean age of 70.169.2 years (IQR: 65-76 years) and a mean PV of 29.9614.2 ml (IQR: 21.0-34.1 ml). The mean PSA level was 1.4961.50 ng ml 21 (IQR: 0.58-1.79 ng ml 21 ), and the mean IPSS was 15.468.4 (IQR: 9-21).
As shown in Table 2 , of all 34 857 men analyzed, 51.3% had a PSA level of 0-1.0 ng ml 21 , 26.0% a PSA of 1.0-2.0 ng ml 21 and 20.8% a PSA .2 ng ml 21 . According to PSA level, the proportions of subjects with PVs above 20, 25 and 35 ml were calculated. For men with a PSA level of 0-0.5 ng ml 21 , only 4.7% (332/7023) had a PV .35 ml, but for a PSA level above 4.0 ng ml 21 , 63.9% (1469/2298) of the men had a large prostate (.35 ml). For the IPSS, men with high PSA level also had a high IPSS, but the trends were not significant ( Table 3 A linear regression model was used to analyze the relationship between PSA and PV and identified a significant correlation ( Figure 1 , log (PV)53.31210.2333log (PSA), r 2 50.264, P,0.001). The IPSS was also significantly related to PSA after controlling for age in a correlation analysis (IPSS515.37910.7183log (PSA), r 2 50.005, P,0.001). Table 4 shows the AUCs for the prediction of PV (.20, .25 and .35 ml) and for the prediction of the IPSS (.7, .13 and .19) using serum PSA. For a PV .35 ml, the ROC AUC was 0.779 (95% CI: 0.773-0.785, s.e.: 0.003). For PVs .25 ml and .20 ml, the ROC AUCs were 0.728 and 0.722, respectively. As shown in Figure 2 , PSA was a better predictor of PV in the higher PV range (larger AUC). However, for an IPSS .19, the ROC AUC was 0.537 (95% CI: 0.531-0.544). For IPSSs of .13 and .7, the ROC AUCs were 0.536 and 0.548, respectively, suggesting that compared to PV, PSA is not a good predictor of IPSS. Figure 2 shows each AUC under the curves. Tables 5 and 6 shows the multivariate analyses for predicting PVs .20, 25 and 35 ml and IPSSs .7, .13 and .19 after adjusting for age and IPSS or PV, respectively. The multivariate analysis indicated that PSA was a significant predictor of PV and IPSS. PSA was a significant predictor of a PV.35 ml in the multivariate analysis, with an odds ratio of 3.547 (95% CI: 3.413-3.687, P,0.001). PSA
DISCUSSION
In the current study, we evaluated the relationships between PSA and PV, PSA and IPSS among 34 857 patients included in a large-scale Korean screening program. As reported by previous studies, PSA had a strong positive correlation with PV, with a 26.4% increased explanatory power for PV in a linear regression model (r 2 50.264). The ability of PSA to predict PV increased with prostate size. The IPSS, which was used to represent LUTS, also had a significant linear correlation with PSA, demonstrating high scores at high PSA levels. After controlling for other factors, including age and PV, PSA was a significant predictor of IPSS. Nevertheless, the accuracy of PSA for predicting IPSS was not excellent in an analysis of the AUC ROC.
Rosenberg 15 first assessed the PSA threshold as a predictor of PV by characterizing the relationship between PV and serum PSA in men with symptomatic BPH in the Proscar Long-Term Efficacy and Safety study. Because PV is strongly related to serum PSA in men with no evidence of prostate cancer, they suggested that serum PSA can be used to estimate the degree of prostate enlargement accurately enough for it was a useful tool in therapeutic decision making.
In a study in the Netherlands, Mochtar et al. 6 included 1859 patients complaining of LUTS who visited the hospital with a PSA of 0-10 ng ml 21 . They demonstrated that PV and serum PSA had an age-dependent log-linear relationship, in which 42% of the variance in PV could be explained by PSA and age. Their predictive accuracy of PSA for PV was 0.82, and the serum PSA cutoff value was 2.0 ng ml 21 to detect a PV .30 ml and 2.5 ng ml 21 to detect a PV.40 ml. In our study, PSA also had a strong significant correlation with PV, and its explanatory power was 26.4%. In our log-linear correlation analysis, the serum PSA cutoff value was 1.47 to detect a PV.30 ml and 2.8 to detect a PV.35 ml. In the Krimpen study, of all 1524 men analyzed, PSA was shown to be predictive of an enlarged prostate (.30 ml and with a greater accuracy for PVs .40 or .50 ml). The AUC was 0.79 to predict a PV .30 ml, and AUCs of 0.86 and 0.92 denoted a good discrimination of PV .40 ml and PV .50 ml, respectively. 11 In our study, PSA was also an excellent predictor of PV after controlling for other factors and had a strong relationship with PV in a log-linear regression analysis. However, its level of relationship and accuracy of predicting PV was relatively low when compared to previous studies in Western countries. The differences between the results obtained in the Netherlands and our study can be explained in two points. First, our study population included the general population within a prostate screening program. Therefore, the men in our study had small prostates and low PSA levels compared to other studies including men who visited a hospital. Second, a previous study has shown that Asian men typically have smaller prostate and a higher PSA level compared with men in Western populations. 12 One previous data from Asian have shown that PV and serum PSA have an age-dependent log-linear relationship, the strength of which increases with age. 12 The ROC AUC thresholds to detect PVs .30 ml, .40 ml and .50 ml were 0.755, 0.814 and 0.826, respectively, which are relatively high compared with our results. However, in that study, men who visited a hospital with complaints of troublesome LUTS were included, it had limitation not to show real situation for common men.
Only a few studies have evaluated the relationship between PSA and IPSS. Favilla et al. 17 showed that PSA did not have a significant relationship with the IPSS (Pearson correlation coefficient50.018, P50.836). Tsukamoto et al. 18 also reported in their longitudinal small population study that PSA had no significant correlation with the IPSS (correlation coefficient520.13, not significant). However, in our analysis, IPSS did have a significant relationship with PSA after logarithmic transformation in a linear regression analysis. The IPSS also had a significant relationship in a partial correlation test after controlling for age (r50.041, P,0.001). Because the previous studies were small population studies, they were limited in their ability to explain the relationship between PSA and the IPSS. Although the IPSS did not demonstrate a high level of correlation level with PSA in our study, its value was significant because of our large study population. Sciarra et al. 13 have reported that symptom scores are weakly correlated with PV (r50.1966) and that PV has a strong correlation with PSA. Therefore, it is possible that the IPSS was also weakly correlated with PV.
Our study may be limited by its retrospective nature. The history of medication use, which may have affected the PSA level, could not be assessed. Although we excluded men with a PSA level .10 ng ml 21 , we could not exclude potential prostate cancer. In general, the difference between the PSA levels in Caucasian and Asian men is due to factors such as obesity and prostate size, our results slightly differed with previous studies in Western countries. 7, 12, 19 However, this report was a very large-scale study in a country consisting of only one race, and it evaluated PSA, PV and the IPSS in the general population regardless of symptoms. Additionally, the PV cutoff was different from previous studies. Because the mean PV in our cohort of Asian men was determined in the general population and not symptomatic patients, it was less than the PV reported in previous studies; we set the cutoff value using IQRs. If further studies are performed using this cohort, it would be possible to set the cut-off levels to those reported previously (PVs .30 ml, .40 ml and .50 ml) for a more exact comparison. An additional subgroup analysis to evaluate the relationships among other parameters stratified according to age should be performed. Figure 2 The receiver-operating characteristic curves used to estimate PV and IPSS using PSA. IPSS, International Prostate Symptom Score; PSA, prostate-specific antigen; PV, prostate volume. PSA as a predictor of prostate volume and symptoms DS Park et al 252
CONCLUSIONS
Our results showed that PSA levels not only have a strong correlation with PV, but that they are also a strong predictor of PV in a large-scale Korean screening cohort. Although PSA also had a significant correlation with IPSS, the correlation power was weak, and the predictive value for IPSSs above the cutoff levels was not excellent. It can therefore be suggested that men with a high PSA level have an increased PV and a high IPSS. Further investigations are required to elucidate the exact interactions between PSA and LUTS and between PSA and PV in prospective controlled studies. Such studies may suggest how PSA can be used to clinically predict PV and the IPSS.
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